Autoprocessing mechanism of severe acute respiratory syndrome coronavirus 3C-like protease (SARS-CoV 3CLpro) from its polyproteins.
Like many other RNA viruses, severe acute respiratory syndrome coronavirus (SARS-CoV) produces polyproteins containing several non-structural proteins, which are then processed by the viral proteases. These proteases often exist within the polyproteins, and are excised by their own proteolytic activity ('autoprocessing'). It is important to investigate the autoprocessing mechanism of these proteases from the point of view of anti-SARS-CoV drug design. In this paper, we describe a new method for investigating the autoprocessing mechanism of the main protease (M(pro)), which is also called the 3C-like protease (3CL(pro)). Using our method, we measured the activities, under the same conditions, of the mature form and pro-forms with the N-terminal pro-sequence, the C-terminal pro-sequence or both pro-sequences, toward the pro-form with both N- and C-terminal pro-sequences. The data indicate that the pro-forms of the enzyme have proteolytic activity, and are stimulated by the same proteolytic activity. The stimulation occurs in two steps, with approximately eightfold stimulation by N-terminal cleavage, approximately fourfold stimulation by C-terminal cleavage, and 23-fold stimulation by the cleavage of both termini, compared to the pro-form with both the N- and C-terminal pro-sequences. Such cleavage mainly occurs in a trans manner; i.e. the pro-form dimer cleaves the monomeric form. The stimulation by N-terminal pro-sequence removal is due to the cis (intra-dimer and inter-protomer) effect of formation of the new N-terminus, whereas that by C-terminal cleavage is due to removal of its trans (inter-dimer) inhibitory effect. A numerical simulation of the maturation pathway is presented.